Alfvén eigen modes were observed in the Large Helical Device for various magnetic field strengths and plasma densities. It was found that Alfvén eigen modes could be excited at much higher frequencies (0.5 ∼ 2.5 MHz) and higher magnetic fields (1.5 ∼ 2.83 T) than previously reported. A part of the estimated Alfvén velocities (2 ∼ 6 × 10 7 m/s) exceeded the thermal velocity of injected neutral beams (∼ 4.1 × 10 6 m/s). When high energy ions are confined in a magnetized plasma, various fluctuations are excited. For example, ion cyclotron emission is observed in Tokamaks associated with the injection of high energy neutral beams (NB) [1] and Alfvén eigen modes (AEs) are also observed with NB injection in many fusion-oriented devices including the LHD [2, 3]. High energy ions produced by ion cyclotron heating (ICH) can also excite these fluctuations. Investigating these fluctuations is important because they degrade the fusion reaction rate and neutron yield.
When high energy ions are confined in a magnetized plasma, various fluctuations are excited. For example, ion cyclotron emission is observed in Tokamaks associated with the injection of high energy neutral beams (NB) [1] and Alfvén eigen modes (AEs) are also observed with NB injection in many fusion-oriented devices including the LHD [2, 3] . High energy ions produced by ion cyclotron heating (ICH) can also excite these fluctuations. Investigating these fluctuations is important because they degrade the fusion reaction rate and neutron yield.
In the present experiment, magnetic probes (MP) were employed to observe these fluctuations excited by NB and/or high power ICH injection in the LHD. Signals from MPs were recorded by a sampling oscilloscope (250 Ms/s). So far, fluctuations were observed in NB-sustained plasmas with field strength B on a magnetic axis ranging from 1.0 to 2.8 T, when the plasma density is lower than ∼ 10 19 m −3 . An example is shown in Fig. 1 for B = 2.75 T.
Shown in Fig. 1 (a) is the plasma density n e near the magnetic axis, which was estimated by the measured line density. In Fig. 1 (b) , the contour plot of the fast Fourier transformed (FFT) power spectrum obtained from a MP signal is shown with the frequency resolution ∆ f ∼ 15 kHz. The darker tone indicates the higher power. A FFT power spectrum is plotted in Fig. 1 (c) at 0.92 sec. The observed frequency can be fitted well with the n −1/2 e fitting curve as shown in Fig. 1 
(d).
Accumulating these fluctuation signals at various B and n e , it was found that the frequencies of observed fluctuations were proportional to B and n malized by B. The dependencies on B and n e imply that the fluctuations are Alfvén waves whose phase velocity is given by V A = 2π f A /k = B/ √ µ 0 n e m. Since the fluctuations are discretely excited, it is suggested that these fluctuations are AEs. Here, k is the wave number which was not measured in the present experiment, µ 0 is the permeability, and m denotes the effective ion mass. As far as AEs in the LHD are concerned, it was found that AEs were excited at much higher frequencies and higher magnetic fields than reported previously [2, 3] .
In Fig. 2 (b) , the observed AE frequency was plotted as a function of estimated V A , assuming that ions were all protons. Although V A depends on the local plasma density and magnetic field, the estimation with n e and B is feasible with an error of 40%. However, V A is strongly affected by heavy ion impurities. If 8% Ar + ions are included, the estimated V A becomes half and 100% Ar + ions makes V A about one-sixth. Thus, impurities and density profiles must be considered properly for detailed analysis. The vertical dotted lines in Fig. 2 (b) and (c) denote the velocity v b ∼ 4.1 × 10 6 m/sec of 180 keV protons supplied through NB injection into the plasma. It is seen that the phase velocities of some data points are larger than v b even if the effect of impurities is considered.
Although it should be investigated carefully, the excited modes can be roughly estimated by
with the plasma major radius R and the number of toroidal field period N p = 10, which are the same notations given in Refs. [2, 3] . The obtained numbers plotted in Fig. 2 (c) suggest that toroidicity-induced AE (TAE) with µ = 1, ν = 0, m = 1, n = 1, 2, 3, ellipticity-induced AE (EAE) with µ = 2, ν = 0, m = 2, n = 1, 2, 3, and noncircular triangularity-induced AE (NAE) with µ = 3, ν = 0, m = 2, n = 1, 2, 3 are candidates for the observed AEs. Since AEs affect the behavior of high energy ions in fusion plasmas, the modes of the excited fluctuations should be identified with an array of MPs in future experiments.
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